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Imperial College, London 
Multivariate analyses offer the possibility of distinguishing the various independent 
components of style which contrast one sample of text with another. The analysis 
will show which of the stylistic components is of the greatest importance in any 
particular contrast. The application of these techniques to the greater part of the 
extant corpus of Latin elegiac verse shows that the concept of style in this setting 
can be dissected into at least three independcnt components. Two of these com- 
ponents, associated previously with the entropy and elision frequency of the ten, 
are under more or less conscious control by the author, but the third, associated 
previously with the mean s,dable number per word, reflects the date at which the 
verse was written and is apparently refractive to counterfeiting. Severe mental stress 
in the author is reflected in this compnent. 
INTRODUCTION 
There are obvious possibilities of making literary analyses more objective by the 
use of statistical techniques and several attributes of style have been used for this 
purpose. These attributes include the mean number of letters per word (Meldenhall, 
quoted by Williams, 1956), sentence length (Yule, 1939 : Williams, 1956), syllable 
frequency distributions (Fucks, 1952) and various aspects of the entropy of the text, 
or its degree of looseness of construction with respect to several possible attributes, 
for example the syllable number distribution (Herdan, 1956 : Fucks, 1952 ; What- 
mough, 1956). Cox and Brandwood (1959) were the first to use formally multivariate 
analysis in order to discriminate between the frequencies of clausulae in Plato’s works 
so as to be able to rank these works in the order in which they were written. However, 
although the structure of their analysis is multivariate, the discrimination is carried 
out along a single vector, and the analysis is effectively multivariable rather than multi- 
variate. Fucks, on the other hand, was the first author to reveal the w p o s i t e  nature 
of literary style, uncovering a vector which distinguished languages and one which 
distinguished authors within any one language. Thus in his analysis, which was 
formally univariate although multivariate in conception, the distinction between the 
styles of Aldous Huxley and GaIsworthy in English was found to be paralIel to that 
between Thomas Mann and Rilke in German. 
There is, therefore, an opportunity afforded by multivariate analysis, of bringing 
to light the different kinds. of distinction which underlie the comparisons of style. 
Such a situation makes use of the greater generality and power that comes from 
the transition to vector techniques as compared with the univariate, scalar methods. 
This transition to vector and tensor techniques of analysis has proved fruitful in 
several branches of biology and psychology (Blackith, 1961) and may be expected 
to Serve the same ends in linguistic analyses. EssentialIy, this benefit stems from 
the possibility of making qualitative differences into quantitative ones, by using the 
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orientation of the vectors (linear compounds of the attributes used) to represent the 
nature, as the associated generalised distance represents the amount, of the distinction 
between any two samples. Since the angle between the directions of the several 
vectors can readily be computed, a direct measure of similarity of stylistic contrasts 
is available. 
These applications of multivariate analysis offer the advantage that no a priori 
hypotheses about the nature of literary style are required : the number of independent 
patterns of thought exhibited in the works of any one author may be ascertained 
objectively by factorising the matrix of correlations (or covariances) of the attributes 
which have been measured. In most cases the nature, as well as the number, of these 
patterns will become evident from the way in which highly characteristic and readily 
identifiable passages of prose or verse orient themselves along the various axes. 
In this pilot study a limited range ot material, all Latin elegiac verse, and an even 
more limited number of characters, is analysed as much to suggest further possibilities 
in larger investigations as to solve problems particular to this verse 
LITERARY MATERIAL AND METHODS OF ANALYSIS 
The elegiac verse (distychs composed of a hexameter followed by a pentameter) 
studied in this work comprises the substantially greater part of the extant poems of 
Ovid, Catullus, Tibullus, Propertius, Martial, Avianus, Rutilius, Namatianus, Pentadius 
and Lactantius in this metre. For comparison, some poems of the 20th century Latin 
elegiast Henrici Paoli have also been analysed. Loeb or Oxford editions of the classical 
authors were used, the poems of Paoli being taken from an edition of the ‘Isargi 
Carmina ’ published in ‘ Vita Latina ’ for January, 1958, by Editions Aubanel, Avignon, 
France. 
The attributes of the verse chosen for study were the elision frequency (number of 
elisions per 1,OOO words), the mean syllable numberper word, the variance of the 
distribution of the syllable number, and the entropy of mixing of the words of 
different syllable numbers. Elision frequency, often used as a criterion of style, is 
usually recorded as the number of elisions per 100 lines (Platnauer, 1951). The 
opportunities for elision are, however, at word endings rather than a function of the 
number of lines, and this fact is reflected in the significantly greater number of words 
in lines with elision(s) than in lines without elision. In the body of elegiac verse 
studied here there are 28 lines containing 10 or more words with elisions but only 
15 such lines without elisions. The trace of the matrix of distances between words of 
the same.syllable number was used to good effect by Fucks, but in the present context 
was found to be very unstable, and weighted heavily by the Occurrence of pairs of 
rare, highly polysyllablic words. This attribute was therefore abandoned. The elision 
frequency has been known to follow the dictates of stylistic fashion since antiquity, 
and individual authors have man?ged to hold their own characteristic elision frequency 
remarkably constant, probably quite consciously so. Two samples (see Table 1) from 
Tibullus have elision frequencies of 19.1 and 21.4, two from Rutilius Namatianus 
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have 16.8 and 17.1, four from Propertius 45.6, 44.6, 44.8 and 40.7. Each of the 
samples taken amounts to some 2,000 words, and in most instances it proved expedient 
to divide each poem into two parts, since poems often run to some 5,000 words. 
Where elision occurred in the scansion of a line, the effective, rather than the 
apparent syllable number for the affected word was recorded. The entropy function 
was computed from the expression 
of Fucks (1952) and may be regarded as a measure of the degree of organisation of the 
text with respect to words of different syllable number. 
STATISTICAL ANALYSIS 
The original intention was.to perform an analysis along canonical axes, in which 
case the variation within poems would have been assessed by contrasting the two 
halves into which most poems were divided, and the variarion between poems would 
have been computed directly from the total values for each attribute in any one poem. 
However, substantial cleavages were found in the course of a preliminary examination 
of the split poems during which the mean syllable number and its variance were 
assessed against their own internal measures' of error. Although no systematic trends 
could be seen, the variation from one half of a poem to the other was often statistically 
significant and seemed to be at least as great as that from one poem to another by 
the same author. For this reason the canonical analysis was abandoned and a principal 
component analysis carriql out on the whole body of evidence, treating the half-poems 
as individual entities (for details of the statistical procedures, see Rao, 1952). 
As a first step, the correlation matrix showing the inter-relationships between the 
four attributes over the whole field of Latin elegiacs was prepared. As Table 2 shows, 
the entropy and variance are closely correlated, and probably represent slightly different 
ways of measuring essentially the same feature of the text, its degree of organisation 
with respect to words of different syllable number. A surprising feature is the .low 
correlation between the elision frequency and the remaining attributes. The negative 
values for the correlation coefficients probably do not bear the implication which one 
might attribute to them at first sight, e.g., that the number of elisions decreases as 
the syllable number increases, Elision frequency increased and syllable number 
decreased during the decline of Latin verse from the first century to the twentieth, and 
both changes are probably associated with general trends in time which render any 
correlation between them essentially spurious. 
The effective independence of elision frequency as a stylistic attribute, and the 
close association between sentropy and variance, suggest that there is an underlying 
structure of these elegiac poems which multivariate analysis ought to be capable of 
laying bare. The latent vectors of the characteristic equation of the correlation matrix 
may be used as sign-posts to indicate the general outlines of this latent structure. The 
characteristic equation is 
I A - 1 1  I=O 
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TABLE 2 
THE CORRELATION MATRIX 
E 1.00 -0.24 -0.03 0.01 (Elision frequency) 
1 1 .oo 0.49 0.42 (Mean syllable number) 
S 1.00 0.93 (Entropy of organization) 
V 1.00 (Variance of syllable 
number distribution) 
TABLE 3 
LATENT ROOTS AND VECTORS OF THE MATRIX 
Root Vector 
2.272 0.100 E -- 0.464 i - 0.631 S - 0.613 V 
1.091 -0.889 E + 0.352 i - 0.176 S - 0.230 V 
0.571 -0.445 E - 0.810 i - 0.222 s +0.311 V 
where A is the correlation matrix, I is the unit matrix of the same rank, and the A’s 
represent the latent roots of the determinantal equation. Whilst there are necessarily 
as many roots as there are measured attributes, not all of $ese roots need generate 
latent vectors accounting for statistically significant components of variation. 
The four latent roots and their associated vectors (or principal components) were 
evaluated on a Ferranti ‘ Pegasus ’ electronic computer, and are shown in Table 3. It 
is evident that the last latent vector takes up a negligible amount (about 2%) of the 
total variation. 
RESULTS AND DISCUSSION 
The first latent vector 
The greater part (57%) of the variation of style between the samples of words 
investigated lies in their fluctuating degree of organisation. This quantity is measured 
by the first of the latent vectors, beavily weighted on the entropy and variance, 
although the mean syllable number per word also plays its part in determining the 
orientation of the vector. The numerical scores for each sample of words correspond 
to their position along each of the three meaningful axes of variation, which are 
necessarily orthogonal. Thus large negative values along the first vector represent 
relatively disorganised poetry, large positive ones representing more closely knit text. 
It is noteworthy that the Golden Age poets (especially Propertius and Tibullus) wrote 
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closely organised texts, later authors, notably Martial, Avianus and Rutilius Namatianus 
relaxing their organisation in this respect. Catullus, writing before the Golden Age 
of Latin verse, aIso scores low in terms of the criterii used to judge textual organisation, 
so that the apogee of Roman culture can in this measure be traced numerically. With 
care and a flair for the GoIden Age style, however, some late authors have refined 
their verse to conform in this respect to the canons of Augustan verse, as witness the 
high scores of Pentadius’ fragment and the elegiacs of Paoli. 
It is evident that the degree of organisation of the text is to some extent conditioned 
by the stresses of the author’s environment. Within the substantial corpus Ovidianurn, 
systematic trends are to be found. Apart from the very first poem analysed (the earliest 
Heroides) Ovid’s writings from his happier years at Rome score uniformly well by 
this criterion, the 23 poems or half-poems ranging in score from -0.49 to 2.07. 
However, the early poems from exile at Tomis on the Black Sea coast (now Constanza) 
score altogether lower, the two halves of the diatribe ‘ Ibis ’ (which was written against 
some unspecified person whom Ovid deemed to have tried to defraud him of his 
Roman possessions in the turmoil of banishment) scores - 1.08 and -4.45. The first 
half of the first of the Tristia, known to have been written during the voyage from 
Rome to Tomis at a time when Ovid found the emotional adjustment to banishment 
almost unbearable, scores -0.21, but the second half, written when the full horror 
of exile could no longer be evaded, scores -2.36. The next poem, the first half of 
the second Tristia, scores almost as badly at - 1.52, but thereafter there is an erratic 
but general improvement corresponding to the poet’s adaptation to his surroundings. 
It is evident from the contents of the ‘ Tristia ’ and of the ‘ Epistulae ex Ponto ’ that 
Ovid became at least inured to life at Tomis, and that he even derived a measure of 
contentment from the regard in which he was held by the inhabitants. The last of 
the Ovidean poems have a texture, as measured by the first of the principal components 
in this analysis, which is not appreciably inferior to that of much of the pre-banishment 
epoch. Fraenkel (1945) has noted how Ovid’s ‘ resilient art was again on the upsurge 
when death overtook him ’. 
The second latent vector 
This vector takes up some 28% of the total variation between the samples. It is 
essentially a reffection of the differential control of elision frequency by the various 
authors, to which allusion has already been made. Being, so far as one can tell, 
under conscious control at least in so far as elision frequency is an important element 
of the literary style peculiar to each author, the evidence afforded by the elkion 
frequency is less reliable than that of attributes not so much consciously influenced 
by the vagaries of taste, or the desire to write pastiche or even forgeries. 
Nevertheless, where the position of a poem along this second vector is incompatible 
with its putative authorship the evidence points to the fact that the supposed author 
did not in fact write the poem. Such is the case with the ‘ Consolatio ad Liviam ’, 
variously attributed to Ovid and to his friend Albinovanus Pedo, together with the 
‘ Elegiae in Maecenatem ’, composite poems in the same consolatory vein. The com- 
pounding of the eIision frequency iato a discriminatory vector sharpens the capacity of 
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this attribute to detect the discrepancies inherent in these poems beyond that of the 
elision frequency alone, whose disparity in the two poems has been noted by Duff 
(1935). It is in fact virtually impossible for the ‘ Consolatio ad Liviam ’ to have been 
written by Ovid, since the positions along the second latent vector for the two 
halves of the poem are - 1.55 and -0.95, each of which falls short of the mean 
score for genuine Ovidian poems (41 samples) by approximately 3 and 2 standard 
errors respectively, if one may be permitted to make use of an oriented multivariate 
significance test in this way. There is evidently a need for significance tests directed 
along a particular vector rather than the usual empirical orientation of such tests as 
Wilks’ criterion (Rao, 1952) which are irrelevant to the present purpose. The ‘ad 
Maecenam ’ elegy, on the contrary, scores highly on this vector, exceeding all but one 
of the scores of genuine Ovidian samples. This circumstance makes the common 
authorship of the two poems intrinsicaily improbable, notwithstanding the racc chat 
there is in the elegy a claim to have already written the consolation. If the same 
hand wrote both poems, it is unstable to a degree unthinkable in a Golden Age poet. 
Only Catullus, writing at a time when elegiac verse was still experimental, has as wide 
a range of a scores along this axis of variation. Wilkinson (1955) described the 
‘ Consolatio ’ as a certain forgery, and it is thus probable that the Elegy ‘ ad Maecenam ’ 
is a forgery also, rather than a poem whose authorship has been forgotten. 
The poem to a nut tree ‘ N u ’  is, however, consistent with Ovid’s delicate work- 
manship in all respects that can be settled by this statistical investigation. In view 
of the extreme difficulty of forging so delicate a web of stylistic features as Ovid 
could call upon and yet meeting the statistical criteria, this finding greatly strengthens 
Ganzenmiiller’s opinion (Ganzenmiiller, 1910) that the poem is indeed Ovidian. 
The third latent vector 
This vector accounts for just over 14% of the total variability. The relatively 
modest contribution in this respect does not do justice to its value as a discriminant 
of Latin elegiac verse, since it is perhaps the most rewarding of the three vectors 
to explore. In this discriminant the main attributes are the mean syllable number 
and the elision frequency, which on this occasion vary together rather than, as in the 
first vector, in opposite directions. Of the two, the syllable number is substantially 
the more important attribute. . 
The outstanding merit of this linear compound of the four attributes is its ability 
to predict the date of the poem in a way which is apparently refractive to counterfeiting. 
Table 4 shows the close association between the probable dates of the poets whose 
work has been analysed here and the scores of their poems along this third axis of 
variation, independent of the two axes already discussed. The score rises to a maximum 
in Augustan times then drops steadily to the present day, although the fall is naturally 
faster while the stylistic features of Latin elegiacs were evolving during the first 
centuries of this era than during the long, static, period from the decline of Rome 
to the present day. 
Within the corpus Ovidimurn, however, there is a marked trend. In particular, there 
is a significant change when the pre-banishment poems are compared with those from 
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TABLE 4 
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Tomis. Prior to his banishment Ovid wrote poems with a mean score of -0.0261 
on this third latent vector, whereas afterwards his mean score was 0.7034. Again 
using a primitive form of oriented multivariate significance test, the difference between 
the two scores exceeds the standard error of either by a factor of 2 or more. It is 
tempting to speculate on the causes of these changes. Ovid himself complained during 
his banishment that no one at Tomis spoke Latin and few had any Greek, so that 
he was forced to learn the two local languages. Such total isolation, over some eight 
or nine years, can hardly have failed to leave its traces on the style of even so 
practised and brilliant an elegiast as Ovid. The change to a higher score follows, 
however, immediately on the banishment (i.e. with the first of the Tristia) and seems 
to be no greater at the end of Ovid’s life than in his first days of exile. It seems 
reasonable, therefore, to attribute to mental stress, rather than to isolation as such, 
the change in style : in this conjection we have to remember that Ovid’s life at 
Tomis was not merely sad in the way that any involuntary exile’s life is sad, but 
also a constant round of physical hardship and danger in a primitive and inclement 
region. 
As a postscript to this investigation, the limited capacity of the four attributes chosen 
for this work to illustrate stylistic changes must be emphasized. Even this superficial 
investigation, however, necessitated the scansion of some l00,OOO words. There is 
evidently a mine of information about the components of ‘ style ’ to be obtained from 
a more detailed and comprehensive study, even within the field of classical studies. 
As yet the influence of metre on a poet’s style is almost wholly unknown as are the 
constraints of language in the case of bilingual poets, to name only two obvious 
subjects for further research. 
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